. Description of costume and items found together with the Egtved Girl. 4 The Egtved Girl is one of the very few female burials in an area dominated by male warrior graves.
However, there is archaeological evidence for inter-chief alliances through intermarriage with elite women as shown in Supplementary Fig. S1 15 .
Supplementary We conducted a multidisciplinary study of the various human tissues, as well as her well-preserved wool garments, and applied state-of-the-art biomolecular, biochemical and geochemical analyses and techniques to reconstruct high-resolution mobility patterns and diet.
We conducted radiogenic strontium isotope tracing investigations of the Egtved Girl's scalp hair, teeth and nails representing different ontogenetic stages of her life, her exceptional and wellpreserved wool textiles and the oxhide that lined the grave, as well as the cremated bones of a child buried together with her (Supplementary Table S1 ). We also applied state-of-the-art ancient DNA-, stable isotope (δ 15 N and δ 13 C) analyses as well as conducted microscopic investigations of the human scalp hair. Additionally, we performed microscopic investigations of the wool textiles. This is to our knowledge, the very first time that a systematic combination of provenance analyses has been conducted on hard and soft tissues of a single ancient individual to reconstruct high-resolution mobility.
Strontium isotopes

Human tooth enamel and cremated human bones of a child
Human tooth enamel from the first molar begins to form in utero and finalizes mineralization at c.
three years of age 34 thus providing information of the place of childhood origin 6 . We therefore conducted a strontium isotope analysis of the first molar of the lower left jaw of the Egtved Girl.
However, in order to obtain provenance information based on the strontium isotope system, baseline or isoscape ranges of the isotopic composition of local bioavailable strontium need to be known We also conducted a strontium isotope analysis of the cremated human remains from the child buried together with the Egtved Girl. However, due the porosity of the bone structure there is a risk of post-depositional contamination as well as isotope fractionation during incineration, which could potentially alter the original signatures preserved in the skeletal tissues. Nevertheless, recent experimental investigations reveal that strontium isotope ratios remain unaltered even when exposed to high temperatures and that cremation processes result in an increase in crystallite size during recrystallization 35 , which may even reduce diagenetic alteration processes. This would also explain the observation that the cremated bones have a tendency to be better preserved, something also reported from other archaeological finds in Denmark 17 . A recent study demonstrates that the compact part of the occipital bone, pars petrosa, is also a good archive from which information on the origin of a human individual can be deduced, as this bone forms during early childhood and does not remodel after the age of 2 5 . We chose, therefore, to sample the pars petrosa from the assembly of cremated bones of the child buried with the Egtved Girl and measured an isotopic value of 87 Sr/ 86 Sr = 0.71190 (±0.0002; 2σ) which we use to gain information on the child's provenance. Our strontium isotope analysis of the the child's bone appears to also reveal a non-local provenance when compared to the baseline range measured from this site and from territorial Denmark as a whole. Interestingly, the tooth enamel from the Egtved Girl and the occipital bone of the child are characterized by statistically undistinguishable strontium isotope ratios, which confirms that the compact part of the bone was not affected by diagenesis and thus points to a likely shared place of origin for the Egtved Girl and child.
Human scalp hair, wool textiles and oxhide
Recent investigations show that a mild acid leaching of modern human hair with 0.1 M HCl is required to recover the strontium nutritional fraction of the hair necessary to investigate mobility 8 . together cover, at least, the same final4 to 6 months period of her life. There is archaeological evidence for inter-chief alliances through marriage with elite women from elsewhere as demonstrated in Supplementary Fig. S1 15 .
Recent developments in analytical protocols enables the extraction of the original strontium isotope fraction of wool textiles 1-3 in order to pinpoint the potential geographical areas where the sheep were grazing at the time that they were producing wool. Consequently, this permits the delineation of wool trade. In this particular case, we wish to assess the question of the Egtved Girl's mobility through life; hence her garments could potentially contribute to information on this issue. We conducted strontium isotope analysis of ten wool samples belonging to eight different textile pieces that the Egtved Girl was buried with. Additionally, we conducted strontium isotope analyses of hair from the oxhide fur and oxtail hair and wool from the remains of a wool cord found in the box beside her head.
The results from the wool fibres reveal a large range of strontium isotope compositions ranging 
Assessing ancient DNA authenticity
To assess the authenticity of the DNA sequences that mapped to the human reference genome, we examined the data for two characteristics expected for ancient DNA: (1) A negative exponential correlation between the number of sequences and sequence length, caused by random fragmentation of the genome and (2) An increase in C to T changes (compared to the reference genome) in positions at read ends -an effect of post-mortem deamination of cytosine. Both these analyses were conducted with bammds 37 .
Only small proportions (1.9% and 4.3%, Supplementary Table S2 ) of the sequences could be identified as human which is not unusual for shot-gun sequencing of ancient material. However, due to the low amount of DNA, the clonality is extreme (Supplementary Table S2 ). Hence, when subtracting identical reads, the proportions become 0.04% and 0.13% respectively (Supplementary Table S2 ). Moreover, owing to the lack of ancient DNA molecular characteristics in the two libraries ( Supplementary Fig. S2 ) we conclude that the small amount of identified human DNA is unlikely to be ancient. Supplementary Table S2 . Summary statistics of >28 million DNA sequences generated from two extracts of the Egtved Girl's hair. Total, represents the total number of sequences generated, Mapped to Hg19 is the number of sequences (without duplicates) that could be mapped to the human reference genome 19, and Human % is the fraction of identified human sequences in the data.
Stable isotopes
Isotopic data from hair will vary predictably depending on dietary intake [36] [37] 39 and can, therefore, be used to distinguish between reliance on largely terrestrial-based or marine food resources in past populations, seasonal variation in diet and potentially identify physiological impacts. Carbon stable isotope ratios (δ 13 C) and nitrogen stable isotope ratios (δ 15 N) reflect the main sources of protein consumed at the time that the tissue forms. Nitrogen (δ 15 N) values increase as a result of metabolic fractionation by 2-5 ‰ at each trophic level of a food chain and can, therefore, provide information on the relative consumption of plant, animal and marine protein where sufficient baseline data exists 40 . In the case of the Egtved Girl we were also able to undertake a bulk analysis of the oxhide hair associated with her.
In northwest Europe, carbon isotope values can be used to help distinguish the extent to which different plant and marine sources contribute to the diet, and in the case of serial measurements using hair segments, it is possible to determine the extent to which seasonality and other factors are broadly noted with time. Fig. S3 ). Supplementary Table S3 . Stable isotope data of bulk hair samples.
The bulk stable isotope data (δ15N = 8.6‰; δ13C = -21.6‰) for the Egtved Girl indicate a terrestrial diet, broadly consistent with mean values for hair from three other Danish Bronze Age oak-coffin burials (δ15N = 9.2‰; δ13C = -21.3‰) and contrasted with the lower trophic level (herbivorous) animal hair (δ15N = 3.9‰; δ13C = -24.5‰) found with her (Supplementary Table S3 and Supplementary Fig. S3 ). The variation in stable carbon and nitrogen values was very small, in 13 some cases being within the analytical error determined from repeat measurements of internal and international standards which was ± 0.2 ‰ or better. That makes trend data from one individual over such a short timescale (~6 months), difficult to interpret. Certainly, incremental measurements producing a sigmoidal curve for δ 13 C can suggest seasonal variation in dietary intake. Trend data for nitrogen isotopes which show very limited variation should not be over interpreted, particularly since elevated nitrogen can potentially be due to a variety of contrasting factors, ranging from increased consumption of dietary protein, to nitrogen imbalance due to physiological stressinclusive of illness, pregnancy or nutritional stress [39] [40] [41] [42] . Supplementary Fig. S3 . Bulk stable distribution pattern in scalp hair segments of the Egtved Girl. δ15N
and δ13C analyses cover a period of at least 6 months prior to her death. The sigmoidal curve for δ13C is highly suggestive of seasonal variation in dietary intake.
Morphological investigations of scalp hair from the Egtved Girl
Preliminary examinations of the scalp hairs from the Egtved Girl (using visual inspection and low power microscopy under 6-40x magnification) revealed a range of hair colours from dark red/brown, to black and pale to medium brown. In profile, the hairs are essentially straight (i.e. with minimal curl). The sample examined showed that the hairs are fragments, i.e. they lack roots, and measure between 50-105 mm in length. A number of hairs were selected for more detailed microscopic examination.
Our microscopical investigation reveals that a partially sheared hair shaft lacks visible pigment granules in the cortex and the presence of cortical fusi (air filled vacuoles) throughout the entire length of the hair shaft ( Supplementary Fig. S4 ). An obvious lack of pigmentation and the overall pale brown coloration of many hairs support the premise that the Egtved Girl had natural blonde or light brown hair. Several scalp hairs of the Egtved Girl exhibit marked constrictions along shafts comparable to those exhibited by scalp hair from an individual of the Saqqaq culture 7 . These constrictions may reflect periods of reduction/availability of protein containing food 41 ( Supplementary Fig. S5 ). However, a number of other causalities, including physiological stress, could potentially also cause these constrictions. The oval shape and dimensions of the transverse cross-section are typical for Caucasian scalp hairs [43] [44] . 
Microscopy of wool fibres
One of the main criteria used to determine modern wool qualities is fibre dimensions defined by the fibre diameter, and similar criteria have also been applied to prehistoric wool textiles [45] [46] We measured wool fibres from the same yarn samples that were also analyzed for strontium isotopes ( Supplementary Fig. S6 ). Altogether, 20 samples from these six costume items were included in the fibre analysis. The results of the microscopy investigations depict a narrow range in thicknesses indicating that a similar raw material was used for all the tested yarns. The differences in the amount of outliers (thick fibres) indicate small differences in the processing of the raw material from fleece to yarn. Although the present analysis was performed using transmitted light microscopy versus SEM microscopy as in previous studies 46 our results are similar to those from other Northern European Bronze Age textiles. In comparison to the strontium isotope analysis of the wool fibres, the finished costume items show that the assemblages of garments were gathered from geologically diverse areas, testifying to a complex circulation of either wool as raw material or finished garments. Supplementary Fig. S6 . Distribution of wool fibre thicknesses from the Egtved Girl's garments. The histogram shows the frequency distribution of the fibre thicknesses (µm) of a single thread (separately coloured) from which an aliquot was analyzed for strontium isotopes (Table 1) . The fibre thicknesses cluster in a narrow range (with few outliers) indicating that the different textiles from Egtved were made with similarly fine processed raw materials.
Methods
Strontium isotopes
Human tooth enamel and a fingernail from the Egtved Girl and cremated human bone from the accompanying child
The tooth enamel sample from the Egtved Girl was mechanically pre-cleaned with a dental drill and subsequently repeatedly washed ultrasonically in ultrapure (MilliQ™) water until the water remained visually clear. The petrous bone sample from the cremated remains of the child was leached with 1M acetic acid for 10 minutes. The thumb-nail was repeatedly washed ultrasonically in ultrapure (MilliQ™) water until the water remained visually clear. The cleaned residue of the fingernail was cut into three pieces perpendicular to the growth direction.
The clean enamel, bone and fingernail samples were placed in a 7ml Teflon beaker (Savillex™) and subsequently dissolved in a 1:1 mixture of 0.5 ml 6 N HCl (Seastar) and 0.5 ml 30% H 2 O 2 (Seastar). The samples decomposed rapidly within a few minutes, after which the solutions were dried down on a hotplate at 80 °C.
The samples were taken up in a few drops of 3N HNO 3 and then loaded onto disposable pipette extraction columns with a 0.2 ml stem volume charged with intensively pre-cleaned mesh 50-100
SrSpec™ (Eichrome Inc.) resin. The elution recipe essentially followed that by Horwitz et al., 48 scaled to our needs. Strontium was eluted / stripped by pure deionized water and then the elute was dried on a hotplate. The strontium samples were dissolved in 2.5 µl of a Ta 
Human scalp hair, wool textiles and oxhide
The human hair samples, wool fibres and the animal hair fibres from the oxhide were all washed and cleaned in several acid steps. The first consisted of applying 1 ml of a 1N hydrochloric (HCl) acid to the sample for one hour in a 7ml Teflon beaker (Savillex™) in an ultrasonic bath. The acid was pippeted off and three rinsing steps of deionised water (MilliQ™) followed. The second step consisted of adding a 1:1 mixture of 20 % HF and deionised water (MilliQ™) to the residue. The solution was removed and the residue was rinsed in three times with deionized water (MilliQ™).
Following the decontamination procedures, the hair residues (human, textile and fur) were dissolved in a 1:1 mixture of 30% HNO 3 (Seastar) and 30% H 2 O 2 (Seastar™) together with a pre-weighed highly pure 84 Sr spike. The samples decomposed typically within one hour, after which the solutions were dried down on a hotplate at 80 °C. Samples were taken up in a few drops of 3N HNO 3 and loaded on especially prepared disposable pipette-tip columns containing 0.2 ml, intensively pre-cleaned SrSpec™ (Eichrome Inc./Tristchem), mesh 50-100 resin. The elution recipe essentially follows that of Horwitz et al., 48 .
Finally, thermal ionization mass spectrometry was used to determine the Sr isotope ratios. Samples were dissolved in 2.5 µl of a Ta 
Extraction and sequencing of DNA from scalp hair
Circa 300 mg of hair was sampled from the Egtved Girl using sterilized equipment according to established standards 49 . Two DNA extractions were conducted, each on c.100 mg of hair.
Following a brief wash in 5% hypochlorite (to minimize surface DNA contamination) and molecular grade H 2 O, the DNA was extracted using phenol-chloroform combined with MinElute columns (Qiagen). The silica bound DNA was purified sequentially with AW1/AW2 wash buffers (Blood and Tissue Kit, Qiagen), Salton buffer (60% Guanidine Thiocyanate and 40% H 2 O) and PE buffer, before being eluted in 60 μl EB buffer (both Qiagen). The extracts had a yellowish colour which indicated the presence of pigments, potentially inhibiting downstream amplification.
Therefore, one of the extracts (MA218) was purified again with the same buffers as above, to obtain a cleaner extract, but one with a lower DNA concentration.
Following extraction, 20 μl of DNA extract was built into a blunt-end library using the NEBNext DNA Sample Prep Master Mix Set 2 (E6070) and Illumina specific adapters 50 . The libraries were prepared according to manufacturer's instructions, with a few modifications outlined below 51 . As ancient DNA is already highly fragmented, the initial nebulization step was skipped. The end-repair step was performed in 25 μl reactions using 20 μl of DNA extract. This was incubated for 20 minutes at 12°C and 15 minutes at 37°C, and purified using PN buffer with Qiagen MinElute spin columns, and eluted in 15 μl. Next, Illumina-specific adapters (prepared as in 51 
Stable isotopes of scalp hair
Hair samples were prepared according to standard protocols 9 at the University of Bradford's stable Isotope Facility. Briefly, adherent soil and exogenous organic deposits were removed from the fibre surface by overnight soaking/ gentle agitation in organic solvent (2:1 methanol:chloroform), followed by sonication (3 x 15min). The organic solvent was then removed and the hair sample itself rinsed in deionized water (x3 separate washes, each with sonication). The final wash was decanted off and the cleaned sample was then frozen, lyophilized and preconditioned for weighing into tin capsules. Fibres were carefully orientated and aligned relative to the proximal end and to one another, so that fibre segments could be weighed into tin capsules and analyzed for a diachronic picture of change.
Prepared hair samples were combusted in a Europa Scientific Geo 20/20 isotope ratio mass spectrometer coupled to a Roboprep elemental analyser. Isotopic concentrations for each element are expressed in relation to international standards so that the relative difference between the sample isotope ratio and that of the standard is expressed by use of the δ notation, with units expressed as per mil (‰). Carbon is measured relative to CO 2 prepared from a Cretaceous belemnite, from the Peedee Formation, South Carolina, whereas atmospheric N 2 is used as the standard for nitrogen.
The carbon to nitrogen atomic ratio (C:N) offers a measure for purity of the hair samples, given that accepted values for modern hair are normally expected to fall within the range 3.0-3.9 52 .
Morphological investigations of scalp hair from the Egtved Girl
Selected human hairs from the Egtved Girl were mounted in permanent mounting medium (Safe-TMount; R.I. 1.52); all were mounted on conventional glass microscope slides and 0.17mm thick cover slips. Microscopical investigation was performed with an Olympus compound transmitted light microscope, equipped with objectives ranging from 40-400x magnification. Scale cast patterns and cross-sections were produced in accordance with Tridico et al., 53 .
Microscopy of wool fibres
Microscopic investigation and measurements of the diameter of the individual wool fibres sampled from the textile yarns were performed with a Zeiss Primo Star iLed transmitted light microscope
